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The terms chronic bronchitis and emphys-
ema have been loosely applied in the literature 
to a wide spectrum of diseases characterised 
by chronic, irreversible airways obstruction. 
Their use as descriptive terms rather than 
specific diagnoses has hindered a proper 
understanding of the differences between the 
two diseases. The present paper is devoted 
primarily to the physiological aspects of 
chronic bronchitis and emphysema but to 
avoid confusion the two diseases will first be 
defined in terms of their clinical and patho-
logical features. 
CLINICAL AND PATHOLOGICAL FEATURES 
Clinically, chronic bronchitis is character-
ised by regular cough and mucoid sputum 
with periodic exacerbations during which the 
sputum becomes purulent. Histologically, there 
is an increase in mucus secreting cells both in 
the bronchial glands, which become hyper-
trophied, and in the epithelial lining of the 
bronchial lumen where they appear as goblet 
cells. The columnar cells lining the bronchial 
lumen undergo a patchy change to a squamous 
type of epithelium. Associated with this is a 
loss of cilia which leads to impairment of the 
normal clearance mechanism of the bronchial 
tree. These are the changes of simple chronic 
bronchitis not associated with clinically signi-
ficant obstruction" to the flow of air along the 
airways. Only a relatively small proportion of 
patients go on to develop the chronic, irrevers-
ible airways obstruction which characterises 
the patients we see in hospital wards. The 
additional factor which results in progres-
sive airways obstruction is unknown, but it is 
not a direct consequence of the primary 
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changes of chronic bronchitis. Infection plays 
a part but is not solely responsible. The patho-
logical changes leading to airways obstruction 
commence in the very small airways and pro-
gress insidiously over many years. Not only 
is there scarring of the walls of the airways 
but there may also be dilatation of the respira-
tory bronchioles and actual breakdown of the 
walls. Dilatation may be gross, engulfing 
neighbouring bronchioles and alveoli, to pro-
duce an appearance akin to primary emphys-
ema. The aetiology of this condition is distinct 
from that of primary emphysema but the use 
of the term centrilobular emphysema to de-
scribe it has been responsible for much of the 
confusion surrounding the diagnosis of 
emphysema. Thickening of the muscular wall 
of the pulmonary arterioles probably com-
mences early in the course of chronic bron-
chitis and results, at a later stage, in pulmon-
ary hypertension, which contributes to the 
right-sided heart failure seen in advanced 
disease. 
Primary emphysema is a disease whose 
aetiology is imperfectly known. It is a dis-
ease of lung parenchyma (not bronchi) and 
is characterised by a progressive loss of the 
elastic tissue of the lung and later by obli-
teration of alveolar walls and their asso-
ciated capillary bed. The loss of elastic tissue 
has two consequences: the lungs lose their 
tendency to retract, and the airways, whose 
patency is largely maintained by the pull of 
elastic tissue on their walls, collapse very 
readily. The breakdown of alveolar walls re-
sults in large cystic spaces and the alveolar 
surface available for the exchange of oxygen 
and carbon dioxide with the blood is severely 
reduced. Unlike chronic bronchitis, pulmonary 
hypertension and right sided cardiac failure 
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are not features of primary emphysema al-
though they may occur terminally. 
The clinical course of the two diseases is 
quite distinct. The cough and sputum of 
chronic bronchitis usually precedes by many 
years the onset of clinically significant air-
ways obstruction. Once airways obstruction 
becomes established, it is basically irrevers-
ible and the disease pursues an insidiously 
progressive course, punctuated by recurrent 
respiratory tract infections which produce 
exacerbations of airways obstruction and in-
creased disability. When the disease is ad-
vanced, respiratory tract infections will 
precipitate acute respiratory failure. Finally, 
the patient enters a phase of chronic respira-
tory failure and right-sided heart failure (cor 
pulmonale). Respiratory failure in this con-
text is defined as an increase in arterial CO2 
pressure above the normal range and indicates 
that ventilation is insufficient to maintain 
adequate gas exchange between the blood and 
the inspired air. 
The loss of elastic recoil characteristic of 
primary emphysema probably precedes the 
onset of symptoms by many years. Dyspnoea 
on exertion is the initial symptom and, once 
it develops, tends to increase inexorably with-
out the fluctuations seen in chronic bronchitis. 
In the terminal stages the patient is grossly 
dyspnoeic at rest and he usually succumbs to 
an intercurrent respiratory tract infection. 
Central cyanosis and heart failure are not 
features of primary emphysema as they are of 
chronic bronchitis, 
In clinical practice, the distinction between 
chronic bronchitis and primary emphysema is 
rarely as simple as these descriptions might 
imply. Patients with primary emphysema are 
susceptible to bronchial infection and may 
develop chronic bronchitis during the course 
of their disease. Conversely, advanced centri-
lobular emphysema may closely mimic prim-
ary emphysema. A mixed clinical picture is 
therefore common and the physiological dif-
ferences between the two diseases, which are 
emphasised in this paper, will not always be 
so obvious in practice. 
MECHANICAL BEHAVIOUR OF THE LUNGS 
Because of the loss of elastic tissue in prim-
ary emphysema, the elastic recoil pressure of 
the lungs is much reduced and their behaviour 
on inflation resembles that of a plastic bag, 
that is, expansion of the lungs is accompanied 
by very little increase in recoil pressure. The 
lungs in chronic bronchitis, on the other hand, 
retain their normal elastic recoil, with recoil 
pressure increasing progressively as the lungs 
are inflated. Only when centrilobular emphys-
ema is advanced do the lungs in chronic 
bronchitis resemble those in primary emphys-
ema. 
The elastic recoil of the lung serves two 
functions. It enables the lung to retract to a 
smaller size, which accounts for the passive 
nature of a normal expiration, and it also 
provides support to the airways to prevent 
them from collapsing during expiration. The 
situation is analogous to inserting one end of 
an elastic band into the pleural surface of the 
lung and the other end into the wall of the 
airways. The more the lung is inflated, the 
greater is its tendency to retract and the 
greater is the support offered to the airways. 
Because of the pull exerted by the elastic tis-
sue, the airways increase in diameter during 
inflation as elastic tension increases, and con-
versely they decrease in diameter during de-
flation. The reduction of elastic recoil in 
primary emphysema means that there is far 
less support for the airways than in a normal 
lung. The airways are therefore narrower than 
in a normal lung of the same volume. 
In the adult, residual volume is reached 
when the pressure applied to the lung by the 
expiratory muscles exceeds the elastic pull on 
the airways so causing collapse of the airways 
and preventing further expiration. Because 
elastic recoil is reduced in primary emphys-
ema, the airways collapse at higher lung 
volumes, and the residual volume is therefore 
increased. When airways obstruction occurs 
in chronic bronchitis, the airways are nar-
rowed due to pathological changes in their 
walls. Although the elastic recoil pressure is 
not reduced, the airways close earlier during 
deflation of the lung because they are narrow 
to begin with. The result once again is an 
increased residual volume. 
The lung volume at the end of a tidal breath 
(functional residual capacity) is also in-
creased in both diseases. The functional resi-
dual capacity is normally determined by the 
equilibrium point at which the tendency for 
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the rib cage to spring outward is exactly 
balanced by the inward pull due to the elastic 
recoil of the lung* In part, the increased 
functional residual capacity of primary em-
physema is due to the shifting of this equil-
ibrium point to a higher lung volume because 
of the reduced elastic recoil of the lung. How-
ever, this explanation does not account for 
the gross increase in functional residual 
capacity seen in some patients with advanced 
emphysema, nor does it explain the increase 
in chronic bronchitis. The major cause is to 
be found in the relationship between airways 
diameter and elastic recoil pressure. In both 
primary emphysema and chronic bronchitis 
the diameter of the airways at normal func-
tional residual capacity is greatly reduced, in 
the former because of the loss of elastic sup-
port to the airways, and in the latter because 
of the intrinsic narrowing of the airways. The 
respiratory work which the patient would have 
to perform to breathe at this normal level to 
overcome the resistance offered by the nar-
rowed airways is unacceptably high, so he 
adopts a new level at a higher lung volume. 
The precise level is determined by the advant-
age, on the one hand, of wider airways and 
the disadvantage, on the other, of less effi-
cient muscular action at lung volumes above 
the normal functional residual capacity. 
Total lung capacity is increased in primary 
emphysema but not in chronic bronchitis un-
less centrilobular emphysema is advanced. In 
the early stages of primary emphysema, the 
increase in total lung capacity is due to the 
greater lung expansion that can be achieved 
by the respiratory muscles acting against the 
reduced elastic recoil pressure of the lungs. 
However, this is not an adequate explanation 
for the gross overinflation which occurs in 
advanced emphysema. The mechanism of this 
is unknown but must be associated with 
changes in the mechanical behaviour and con-
figuration of the thoracic cage itself. Much of 
the disability associated with primary emphys-
ema arises from the extreme inefficiency of the 
respiratory muscles when the thoracic cage 
is grossly overexpanded. 
Because the loss of elastic recoil in primary 
emphysema leads to an increase in both total 
lung capacity and residual volume, the vital 
capacity remains normal until the disease is 
relatively advanced. In the later stages of the 
disease the increase in residual volume be-
comes disproportionately great and the vital 
capacity declines. In chronic bronchitis, the 
increase in residual volume is not accompan-
ied by an increase in total lung capacity and 
the vital capacity is therefore reduced rela-
tively soon after the onset of airways obstruc-
tion. 
Although the mechanisms by which primary 
emphysema and chronic bronchitis produce 
airways obstruction have already been dis-
cussed, a more complete understanding of the 
obstruction to airflow in these diseases is pro-
vided by the "equal pressure point" concept. 
The basis of this concept rests on the principle 
that gas flow in a tube is associated with a 
progressive decrease in the pressure of the 
gas along the tube due to the resistance of the 
tube to gas flow. The difference in gas pres-
sure at the two ends of the tube is the driving 
pressure. In the airways, the driving pressure 
is the difference between the gas pressure in 
the alveoli and atmospheric pressure at the 
mouth. Alveolar pressure is the sum of two 
components: the pressure applied by the ex-
piratory muscles through the rib cage, and the 
elastic recoil pressure of the lung. The pres-
sure tending to compress the airways com-
prises only file first of these two components. 
If flow along the airways is prevented, for 
instance by the subject closing his mouth, no 
matter what pressure he develops with his 
expiratory muscles the airways will not col-
lapse because the pressure inside the airways 
along the whole bronchial tree will exceed 
that tending to compress the airways by an 
amount equal to the second component of 
alveolar pressure, that is, the elastic recoil 
pressure of the lung. If the subject now opens 
his mouth, air will flow along the airways and 
will be associated with a progressive drop in 
pressure inside the airways from the alveoli 
to the mouth. Since the rate at which the 
pressure decreases along the airways is pro-
portional to the flow rate, it is evident that at 
sufficiently high flow rates there will be a 
point in the bronchial tree where the pressure 
inside the airways is equal to that on the out-
side. This point is termed the equal pressure 
point. The whole length of the airway proxi-
mal to this point (towards the mouth) will 
tend to collapse because the pressure on its 
outside exceeds that within it. Complete col-
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lapse is prevented in part by the inherent 
stability of the airway wall. This is minimal 
in the small airways but considerable in those 
airways with cartilaginous support. When a 
normal person performs a forced expiratory 
manoeuvre from full inspiration, the equal 
pressure point starts in the major bronchi 
and then moves progressively into the smaller 
airways as expiration proceeds because the 
reduction in the diameter of the airways with 
decreasing lung volume increases their resist-
ance, and therefore increases the rate at which 
the pressure drops along the airway. As flow 
approaches zero towards the end of expira-
tion, the equal pressure point moves back 
again towards the mouth* 
In primary emphysema, where the elastic 
recoil is much reduced, the equal pressure 
point will occur closer to the alveoli because 
there is a smaller difference to begin with 
between alveolar pressure and the pressure 
applied through the rib cage. 
Because the pressure applied to the lung 
through the rib cage is never evenly distri-
buted, and because the involvement of the 
lung in emphysema is never uniform, an in-
crease in the force of expiration will result in 
complete collapse of the proximal segments of 
many airways; the more forcible the expira-
tion the greater will be the number of col-
lapsed airways. At the same time, the 
reduction in lung volume due to compression 
of the lungs by the force applied through the 
thoracic cage will further reduce the diameter 
of the distal segments and therefore move the 
equal pressure points more peripherally. The 
net effect of a forcible expiration in primary 
emphysema is therefore to reduce rather than 
to increase the flow of air from the lungs. 
When the disease is advanced, the use of even 
slight force during expiration may be suffi-
cient to severely limit the flow rate of air 
from the lungs. The patient must therefore be 
taught to expire in as relaxed a fashion as 
possible since additional expiratory effort is 
not only ineffective but actually detrimental. 
Some patients with primary emphysema 
purse their lips during expiration. This pro-
cedure enables them to limit the expiratory 
flow rate by deliberately introducing a resist-
ance between the airways and the atmosphere. 
By adjusting the size of the orifice at their 
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along their airways is not sufficient to cause 
airways collapse even when they are actively 
using their respiratory muscles during expira-
tion. The reason some patients prefer to purse 
their lips rather than deliberately limit the 
force of their expiration possibly lies in the 
greater voluntary control one has over the 
lips compared with the respiratory muscles. It 
seems a logical method of breathing for an 
emphysematous patient to adopt and therefore 
should probably not be discouraged. 
In chronic bronchitis airways obstruction 
commences, and always predominates, in the 
smaller airways. The equal pressure point is 
therefore located more distally than normal 
throughout expiration. The high resistance of 
the airways peripheral to the equal pressure 
point is responsible for the reduced flow rate 
during expiration observed in this disease. 
The extensive collapse of airways proximal 
to the equal pressure point during a forced 
expiration, which is so characteristic of prim-
ary emphysema but also occurs in chronic 
bronchitis, is clinically apparent as a sudden 
shut-off in air flow shortly after the start of 
a maximum expiratory effort. It can be readily 
distinguished from the prolonged, wheezy ex-
piration of asthma. Coughing, which is simply 
an explosive form of expiration, owes its ef-
fectiveness in clearing secretions to the abrupt 
collapse of airways proximal to the equal 
pressure point. It has been argued that, since 
the equal pressure point moves peripherally 
during expiration, the most effective form of 
cough is a series of coughs starting at full 
inspiration and ending at full expiration. This 
does not accord with experience in the treat-
ment of chronic bronchitis. The fallacy in 
this suggestion probably lies in the fact that 
the equal pressure point in chronic bronchitis 
is situated peripherally even when the lungs 
are fully inflated. A single cough from full 
inspiration will therefore exert its clearing 
action on the major part of the bronchial tree 
and furthermore has the advantage over a 
series of coughs during one breath that the 
diameter of the airways is maximal immedi-
ately preceding the cough. 
In the normal subject during quiet breath-
ing the equal pressure point does not lie in the 
intra-thoracic airways and therefore there is 
no tendency for the airways to collapse. In 
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this situation, the site of maximal resistance 
to air flow is located in the section of the 
bronchial tree with the minimum total cross 
sectional area. In normal subjects total cross 
sectional area is minimal in the trachea and 
major bronchi. The reason for this is that 
when an airway branches the total cross sec-
tional area of the branches are greater than 
that of the airway from which they were 
derived. In fact, the increase in total cross 
sectional area as one proceeds through each 
successive generation of airways is enormous; 
the cross-sectional area of the trachea is ap-
proximately 1.5 square cm., whereas the total 
cross-sectional area of the terminal bronchi-
oles is approximately 750 square cm.The total 
resistance to air flow offered by the peripheral 
airways during quiet breathing is therefore 
much less than that of the trachea. This means 
that obstruction of the smaller airways has 
to be far more severe than that of the larger 
airways before the patient becomes aware of 
difficulty in breathing. The corollary to this 
is that in chronic bronchitis symptoms of air-
ways obstruction do not become apparent until 
extensive narrowing of the small airways 
has already occurred. 
RESPIRATORY MUSCLES 
In both primary emphysema and chronic 
bronchitis the action of the respiratory 
muscles may be impaired due to over-inflation 
of the lungs on the one hand and phase dis-
tortions on the other. Over-inflation displaces 
the ribs and diaphragm to a more inspiratory 
position, shortening the inspiratory muscles 
and placing them at a mechanical disadvant-
age. In advanced emphysema, the accessory 
muscles are recruited even during quiet 
breathing and, on exercise, tachypnoea occurs 
because it is impossible for the patient to ade-
quately increase his tidal volume. Flattening 
of the diaphragm transfers the plane of its 
contraction from parallel to perpendicular to 
the plane of the lower rib cage. This results 
in a paradoxical indrawing of the lower ribs 
on inspiration with no appreciable downward 
descent of the diaphragm. Similar types of 
phase distortion will occur in chronic bron-
chitis if inspiration is forced rather than re-
laxed. Such phase distortions severely impair 
the efficiency of the respiratory muscles, 
emphasising the role of relaxation in the 
physiotherapy of the two diseases. 
REGULATION OF RESPIRATION 
Ventilation is normally controlled by the 
level of the arterial C02 pressure which is held 
within narrow limits by a feedback mechan-
ism acting through the respiratory centres in 
the medulla of the brain. Should the arterial 
CO2 pressure start to rise, the frequency of 
impulses leaving the respiratory centre down 
the efferent nerves to the respiratory muscles 
is increased, leading to increased contraction 
of the inspiratory muscles and therefore a 
greater tidal volume. The consequent increase 
in ventilation increases the removal of C02 
from the lungs and thus brings the arterial 
C02 pressure back to normal. In emphysema 
there is no impairment of this control mechan-
ism, and respiratory failure, defined as a sus-
tained rise in arterial CO2 pressure, occurs 
only as a terminal event. In chronic bron-
chitis with advanced airways obstruction, the 
respiratory centre becomes less responsive to 
a C02 stimulus and may in fact become en-
tirely unresponsive. A rise in arterial C0 2 
pressure therefore produces either an inade-
quate increase in ventilation or no change in 
ventilation at all. How then does the patient 
with chronic bronchitis regulate his ventila-
tion? This is achieved by a control mechan-
ism dependent on the arterial oxygen pressure 
and acting on the respiratory centre through 
the carotid bodies. The respiratory centre is 
stimulated by a decrease in arterial oxygen 
tension, the stimulus increasing progressively 
with increasing hypoxaemia. The chronic 
bronchitic who is unresponsive to C0 2 will 
always have moderate to severe hypoxaemia, 
and this provides him with his stimulus to 
breathe. Should this stimulus be removed by 
giving oxygen, the patient may virtually stop 
breathing and there will be a sharp increase in 
arterial C02 pressure. This is why acute 
respiratory failure is such a common conse-
quence of uncontrolled oxygen therapy in 
patients with advanced chronic bronchitis. 
The problem does not arise in primary 
emphysema for these patients retain their 
responsiveness to C0 2 and in any case are 
rarely hypoxaemic, except terminally. 
GAS EXCHANGE ON EXERCISE 
In normal subjects, exercise capacity is 
limited primarily by cardiovascular function, 
the oxygen uptake reaching a limiting value 
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when the cardiac output is at its maximum. At 
this point there is still a considerable respirat-
ory reserve and ventilatory capacity is never 
a limiting factor in normal people. The venti-
lation required for a given level of exercise 
is greater in an unfit than a fit subject. How-
ever, cardiovascular function is also less effi-
cient in the unfit subject, so cardiac output 
reaches its maximum value at a lower work 
load and once again there is a considerable 
respiratory reserve at the maximal oxygen up-
take. 
In primary emphysema, gas exchange is ex-
tremely inefficient due to the uneven distribu-
tion of ventilation and pulmonary blood flow 
throughout the lung. This would normally 
result in arterial hypoxaemia but the emphyse-
matous patient compensates for this impaired 
gas exchange by increasing his ventilation. He 
thus maintains a normal arterial 0 2 pressure 
at the expense of a considerable increase in 
respiratory work. His ventilatory requirement 
on exercise is greatly increased with the result 
that he rapidly reaches his maximum breath-
ing capacity, at which point he stops exercis-
ing. He does not usually become hypoxaemic 
and his arterial C02 pressure does not in-
crease. It is this characteristic of primary 
emphysema which has led him to be described 
as a "pink puffer". Improvement in the physi-
cal fitness of these patients will have the same 
result as in normal subjects: the ventilatory 
requirement for exercise will decrease. Be-
cause the patient with primary emphysema is 
disabled by his excessive ventilatory require-
ment for exercise, a striking improvement in 
exercise capacity can be achieved by a gradu-
ated exercise programme to increase his physi-
cal fitness. There can be no doubt that this 
measure alone will achieve more in relieving 
the patient's disability than all other thera-
peutic measures. 
The physiological response to exercise in 
chronic bronchitis is entirely different. A 
striking feature of the moderately advanced 
chronic bronchitic is that he can often do quite 
heavy work without undue distress. The reason 
for this lies primarily in the reduced sensi-
tivity of his respiratory centre to CO2. As in 
primary emphysema, gas exchange is severely 
impaired but ventilation at any given exercise 
level is usually not much greater than in a 
normal subject and may in fact be consider-
ably less. Since the arterial 0 2 and C0 2 pres-
sures can only be maintained by a greatly 
increased ventilation it is inevitable that the 
arterial C02 pressure will rise and the arterial 
0 2 pressure fall during exercise. The extent 
of the blood gas changes will depend largely 
on the sensitivity of the respiratory centre to 
a C0 2 stimulus. Where this is severely de-
pressed, there will be only a modest increase 
in ventilation on exercise but a dramatic in-
crease in arterial C0 2 pressure. The exercise 
capacity in such patients may well be limited 
by symptoms of acute C0 2 retention rather 
than by their mechanical inability to ventilate 
their lungs. 
A significant proportion of patients with 
chronic bronchitis are able to do more work 
if they breathe oxygen enriched air. The 
patients who are most likely to benefit in this 
way are those whose exercise capacity is 
limited by their ventilation reaching its limit 
during exercise. The increased hypoxaemic 
drive to breathing, which is present in all 
moderately advanced chronic bronchitis, can 
be partially abolished by a small increase in 
the oxygen concentration of the inspired air, 
because the additional oxygen increases the 
arterial 0 2 pressure. The reduction of the 
hypoxaemic stimulus reduces ventilation dur-
ing exercise and enables the patient to per-
form more work before his ventilation reaches 
its limit. The reduced ventilation during exer-
cise must result in a more rapid rise in arterial 
C0 2 pressure. It is therefore difficult to predict 
the net benefit to the patient of breathing 
oxygen enriched air and the decision whether 
a patient should! be provided with a portable 
oxygen supply must be based on an actual 
trial. There is no place for the use of portable 
oxygen in primary emphysema because the 
hypoxaemic drive is far less in these patients 
than in chronic bronchitis. 
PULMONARY HYPERTENSION 
Pulmonary hypertension is a characteristic 
finding of advanced chronic bronchitis but 
appears to be a less significant factor in pri-
mary emphysema. The development of pul-
monary hypertension in chronic bronchitis 
stems from prolonged alveolar hypoxia and is 
reversible in the early stages of the disease. 
Later it becomes fixed but some response to 
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oxygen breathing, which abolishes the alveolar 
hypoxia, is usually retained throughout the 
disease. Moderate pulmonary hypertension 
during exercise can be demonstrated early in 
the disease before there is significant dis-
ability. At this stage the resting pulmonary 
arterial blood pressure is normal, so pulmon-
ary hypertension at rest probably develops 
relatively late in the disease. 
CONCLUSIONS 
Physiotherapy is by far the most important 
measure in the treatment of primary emphys-
ema. A graduated exercise programme de-
signed to increase the level of physical fitness 
can achieve a remarkable improvement in 
exercise capacity, particularly in patients who 
have avoided exercise because it makes them 
breathless. Poor breathing habits can be cor-
rected if the physiotherapist perseveres. In 
this respect, particular attention should be 
paid to training the patient to avoid excessive 
use of his expiratory muscles. 
The same measures will benefit the patient 
with chronic bronchitis but his response is 
usually less dramatic and attention should 
also be focused on measures to promote the 
drainage of secretions. 
The use of portable oxysren may achieve 
worthwhile improvement in the exercise capa-
city in chronic bronchitis but it should not be 
instituted without objective assessment of its 
benefit. 
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